ABSTRACT Aiming at the problem of high voltage disconnection when doubly-fed wind farms are merged into weak power grids, this paper researches the theory of rotor excitation control and proposed an additional control model of DFIG grid-connected rotor flux based on structure decentralization theory. In this model, the high voltage ride-through capability for grid-connected wind farms is enhanced by designing the d-axis and q-axis adaptive terminal sliding mode controllers of the synchronous rotating coordinate system. Using the simulation software of MATLAB/Simulink, this paper established a simulation model of wind farm high voltage ride through composed of 2MW doubly fed wind turbines and carried out the off-line simulation of the whole process of high voltage traversing. Real-time simulation experiment of high voltage ride-through was also conducted on a self-developed real-time simulation platform for grid-connected doubly-fed wind farms. Real-time simulation results prove the accuracy of theoretical and offline simulation analysis and the feasibility of control strategy.
I. INTRODUCTION
Most of China's large wind farms are located in remote areas, away from the load center of the power system, and they are typical weak grid [1] , [2] . The grid connection of high proportion wind farms raises questions about the safe and stable operation of power systems [3] - [6] . In order to deal with these problems, many countries such as the United States and China have introduced strict wind power grid-connected regulations [7] , [8] ,they are also required that during grid faults and voltage fluctuations, the wind farm must quickly emit a certain amount of dynamic reactive power to enhance its low voltage or high voltage ride through capability. Regarding the low voltage ride-through problem of wind power grid-connected, domestic and foreign scholars have carried out a lot of theoretical research and practice work, and made great progress [9] - [14] , and the The associate editor coordinating the review of this manuscript and approving it for publication was Canbing Li. low voltage ride-through technology is improving day by day. However, after wind farm achieves low voltage ride through, due to the limitation of the switching speed of the reactive power compensation device in the power system and the local reactive power is excessive, which causes the instantaneous high voltage fault of the system and the wind turbine to be disconnected again, this directly affects the safe and stable operation of the power system. Therefore, in order to meet the requirements of wind power connection to the grid, wind turbines not only require low voltage ride through capability, but also require high voltage ride through capability.
At present, although some progress has been made in the research on high voltage traversal of wind farms, these results show their effectiveness in some aspects of wind power gridconnected voltage and high voltage traversal, and it is difficult to guarantee its versatility. Literature [15] discusses methods to overcome the challenges of real-time simulation of wind systems, characterized by their complexity and VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ high-frequency switching. A hybrid flow-battery supercapacitor energy storage system (ESS) is studied by real-time HIL simulation. The simulation results of the detailed wind system model show that the hybrid ESS has a lower battery cost, higher battery longevity, and improved overall efficiency over its reference ESS. Literature [16] presents an energy function-based optimal control strategy for output stabilization of integrated doubly fed induction generator (DFIG)-flywheel energy storage architecture. It can keep the grid power isolated from wind power output and voltage fluctuations and thus enabling increased penetration of wind energy resources. This control strategy is proposed for maximum energy transfer from wind farm during normal operation and to improve DFIG low voltage ride through characteristics. Literature [17] examines the impact of an LVRT scheme on grid-integrated doubly fed induction generator (DFIG)-based wind turbines which are represented with new stator-damping resistor unit (SDRU) and rotor current control (RCC). The results show that the system became stable in a short time when the SDRU and RCC were incorporated with the stator and rotor electro-motor-force models. Literature [18] presents dynamic behavior and simulation results in a standalone hybrid power generation system of wind turbine, microturbine, solar arrayand battery storage.The integration of a wind turbine, a solar array, a microturbine, and a battery storage which work together in order to provide sufficient electric energy supply to satisfy the stand-alone load demands at all times was proposed and considered. Comparison of proposed method with fuzzy logic and PID controllers indicates that operation of the proposed adaptive controller is the best. Literature [19] discusses the Low Voltage Ride Through (LVRT) capability was enhanced by a Demagnetization Current Controller (DCC) for the purpose of transient analysis.
Parameters for the DFIG including output voltage, speed, electrical torque variations and d-q axis rotor-stator current variations in addition to a 34.5kV bus voltage were examined. It was found that in the DFIG model the system became stable in a short time when using the DCC. Literature [20] deals with the coordinated control of rotor-and grid-side converters in wind turbines with doubly fed induction generators (DFIGs) to improve the low-voltage ride-through capability. A nonlinear control scheme applied to the grid-side converter is proposed, which stabilizes the internal dynamics and limits the dc-link voltage fluctuations during the fault. The proposed ride-through approaches limit the peak values of rotor current and dc-link voltage at the instants of occurring and clearing the fault. They also limit the oscillations of electromagnetic torque, and consequently, improve the DFIG voltage dip behavior. In the literature [21] , the passive Low voltage Ride Through (LVRT) capability method as well as the active LVRT capability method were developed for the purpose of transient analysis of the DFIG. Simulation analysis found that the system became stable in a short time when the active LVRT was incorporated into the reduced order DFIG model. Literature [22] proposes a competent and effective scheme to enhance the ride-through capability of DFIG-based wind turbines under unbalanced voltage dip conditions. The proposed method is realized through joint use of the rotor-side converter control and a three-phase stator damping resistor (SDR) placed in series with the stator windings. The proposed ride-through approach limits the peak values of the rotor inrush current, electromagnetic torque and DFIG transient response at the times of occurrence and clearing the fault. It also suppresses fluctuation of the electromagnetic torque and DFIG transient response appeared during unbalanced voltage dips due to negative sequence component. Literature [23] discusses the transient stability analyses of the DFIG with and without supercapacitor as well as positivenegative-sequence dynamic modeling (PNSDM). It was found that the DFIG-based wind farm became stable within a short time using the PNSDM and supercapacitor. Literature [24] proposes the use of doubly-fed induction generator based low-voltage-ride-through scheme including crowbar, rotor-side converter, grid-side converter and power system stabilizers. The simulation results that the proposed control scheme improves the operation of doubly-fed induction generator during faults. The transient stability and damping of the electro-mechanical oscillations of a grid-connected doublyfed induction generator is obtained. Literature [25] proposes a novel scheme for enhancing the fault ride-through (FRT) capability of Doubly Fed Induction Generator (DFIG). This coordinated control aids rapid recovery of terminal voltage at the clearance of severe grid fault. Literature [26] proposes a control system, for crowbar protection and voltage support, for wind turbines equipped with doubly fed induction generator. The simulation results highlights that the proposed control improves the coordination between grid side converter, rotor side converter, and crowbar protection. Literature [27] presents a control strategy for wind turbines to enhance their fault ride-through capability. The controller design is based on pitch controlled variable speed wind turbine equipped with doubly-fed induction generator (DFIG). It is shown that the combined mechanical and electrical controller design significantly improves the wind turbine fault ride-through capability.
According to the analysis of the above literature, the domestic and foreign scholars have proposed many control strategies and control algorithms for the high voltage ridethrough of wind turbines. However, there are few mentions on the rapidity of reactive power regulation when an overvoltage fault occurs, and the millisecond-level reactive power control technology is the key to solving the system over-voltage problem. This paper focuses on the basic grid-connected operation model of DFIG, fully exploits the dynamic characteristics of the rotor flux linkage and its effect on the reactive power of the DFIG output, an adaptive terminal sliding mode additional control strategy for the rotor flux linkage is proposed, which enables the wind farm to quickly absorb excess reactive power during the grid fault to reduce the instantaneous high voltage at the grid bus and improve the quality and stability of the grid-connected voltage of the doubly-fed wind farm.
II. DFIG STRUCTURE DECENTRALIZED DYNAMIC MATHEMATICAL MODEL.
The equivalent mathematical model of DFIG in the synchronous rotation d, q coordinate system is as follows.
The stator and rotor voltage equation are as follows, 
The stator and rotor flux equation are as follows,
The power output equation of the stator end is as follows, When the grid voltage is symmetrically operated, orienting the stator flux ϕ on the d-axis of the synchronously rotating d-q coordinate system, and the magnetic fluxes on the d and q axes are: ϕ ds = ϕ s , ϕ qs = 0. The induced electromotive force of DFIG is approximately equal to the stator voltage, that is, u ds = 0, u qs = u s ; u qs is the amplitude of the vector of the stator voltage. When the stator is incorporated into the ideal grid, u qs is equal in amplitude to the grid voltage. The resistance of stator winding is much smaller than the reactance of stator winding, so the influence of stator resistance can be ignored. At this point the stator flux and current equation are obtained,
When the grid fluctuates, DFIG is in an unstable state, and the DFIG stator voltage and stator flux linkage are not constant. Therefore, when the DFIG transient operation is analyzed, the change of the flux linkage cannot be ignored. The flux linkage change cannot be abruptly changed, and the stator flux linkage change causes the stator excitation current to also change. At this time,φ ds = 0 in the formula (4) takes the above into consideration.
Substituting equation (5) into equations (2) and (1) to obtain,
Substituting equation (5) into equations (3) and (2) to obtain the active power and reactive power equation,
The grid side converter is a converter near the grid side of the back-to-back converter, which functions to regulate the power factor and maintain the constant voltage of the bus. The formula is as follows,
where E k (k = a,b,c) is power voltage, U m is peak voltage. In a three-phase synchronous rotating coordinate system, the mathematical model of the grid-side converter can be described as,
where R g is the resistance, L g is the inductance, u gd and u gq are d, q-axis components of grid electromotive force, i gd and i gq are active current and reactive current of grid-side converter, i L is load current on the DC side, ω g is angular velocity of the grid voltage, i dc is q-axis component of threephase VSR input current vector.
Orienting the d-axis of the synchronous rotating coordinate system in the direction of the grid voltage vector, u gd = u g , u gq = 0. The active power and reactive power output from the gridside converter to the grid are shown in the following equation,
u g i gq (10) where P g is active power, Q g is reactive power; u g is power voltage.
III. DFIG ADDITIONAL ROTOR MAGNETIC LINKAGE CONTROL DESIGN
During the voltage surge caused by a grid failure, the wind farm emits reactive power to reduce the fluctuation of the grid voltage. The feasibility of this approach must have two prerequisites: One is the rapidity of the reactive power of the wind farm, and the other is whether the rotor will overcurrent when the wind farm emits reactive power. For the first precondition, it is known from equations (6) and (7) 
, the time is generally 8∼15ms.Therefore, the reactive power adjustment time of the doubly-fed wind farm is in milliseconds, which is almost equal to the reactive power compensation speed of the static var compensator. For the second precondition, the general researcher believes that increasing the reactive output of the wind turbine will significantly increase the exciting current of the rotor and impose an additional burden on the rotor-side variable-frequency drive. This understanding is appropriate for wind farms to access strong electric fields. However, when the wind farm is connected to the weak grid, the voltage of the point of combined to the grid is adjusted by the wind farm's own reactive power adjustment capability, and the exciting current of the rotor-side variablefrequency drive is not significantly increased.
It can be seen from the analysis of Fig. 1 that when the DFIG is in the grid-connected power generation operation state, the controlled output of the system is the rotor magnetic linkage dr and qr on doubly-fed motor, and the control inputs are the rotor voltages, which are u dr and u qr . The two lead a causal chain, this is defined in order as
( The above analysis results in a DFIG grid-connected flux linkage structure decentralized model as shown in Figure 2 . Figure 2 consists of two subsystems, Z 10 and Z 20 are inputs, Z 11 and Z 21 are outputs, and the two outputs simultaneously affect each other's subsystems. It can be seen from the figure that L i is a simple and complete causal chain, so the inputs Z i0 can control the outputs Z i1 through the corresponding unit model. Therefore, the controllers of the two subsystems in Fig. 2 can be separately designed to realize the control of the generator rotor flux linkage.
If the component of the DFIG rotor magnetic linkage is completely adaptive to the disturbance caused by the grid fault, it can be implemented by the method of sliding mode variable structure control. In order to do this, write equation (6) into the following state space equation form, 
According to equation (9), we can know the sliding mode of the doubly-fed wind power generation system satisfies the necessary and sufficient conditions free from external interference [30] , [31] . Therefore, the design of a suitable sliding mode controller makes the doubly-fed wind turbines completely robust to the disturbance caused by the grid fault, and its sliding mode is not affected by the grid fault.
The state variable of the system is defined as the error of the rotor q-axis flux linkage and the given value, that is e d =Z * 11 −Z 11 . According to equation (6), the error equation of the d-axis magnetic linkage of the doubly-fed induction wind turbine can be written as,
where
is the disturbance caused by the grid fault.
In view of the above, the following integral sliding surface is proposed in this paper,
where k pd and k id are proportionality coefficient and integral coefficient, k pd and k id are both larger than zero. The proportional term is used to speed up the dynamic tracking response of the system, and the integral term is used to eliminate the steady-state error of the system. Therefore, on the PI integral sliding mode hypersurface, changing the values of k pd and k id can change the dynamic characteristics of the sliding surface.
According to the integral terminal sliding mode surface proposed in this paper, it is very difficult to determine the upper bound of F d in practical control. Even if the upper bound of generalized disturbance is known, in order to ensure the robustness of the control system when the disturbance is large, the constant switching gain η d of the controller is larger, which leads to serious chattering of the system. Dynamic quality and robustness cannot be guaranteed. Therefore, a sliding mode variable structure controller with adaptive switching gain is designed. Whether or not the upper bound of F d is known, the controller can always enhance the robustness of the uncertainty. The improved switching gain equation is as follows,
When the system state is far from the sliding mode surface, the switching control gain η d will increase rapidly with the regular
However, when the system state moves across the sliding surface, the controller switching gain η d will gradually decrease with the regular η d = (1+e
According to the integral terminal sliding mode surface proposed in this paper, if the generalized perturbation term
Theorem: If the doubly-fed wind power generation gridconnected control system satisfies |F d | < k d and selects the integral terminal sliding mode surface of equation (11), then the adaptive switching gain η d is used to obtain the following control law,
The d-axis magnetic error e of the DFIG can be converged to zero in a finite time, and the system is stable.
Proof: Firstly, the proof process of the convergence of the d-axis flux linkage error e of the doubly-fed induction wind turbine is as follows.
According to equation (14), the initial state of the integral term is set as follows as,
where e d0 denotes deviation of the initial time of the system. Then, at time t=0, substituting equation (17) into equation (14) ,
Equation (18) shows that choose the appropriate initial value to make S d (0) = 0, it is ensured that the system is on the sliding surface in the initial state to improve the robustness of the system. It can be known from equation (14) that when the system reaches the sliding surface, there isṡ d = s d = 0, there are equations as follows as,
The error equation of the d-axis component of the flux linkage of the doubly-fed induction wind turbine is obtained as follows,ė
Simultaneous integration on both sides of equation (20) The equation for solving (21) is as follows,
Equation (22) shows that the tracking error of the magnetic linkage d-axis component of the doubly-fed induction wind turbine can converge to zero in the t d time.
The following proves the stability of the system: Since the upper bound F d of uncertainty k d is unknown, there are two cases for the initial value of switching adaptive switching gain
The stability of the system in these two cases is proved.
When
According to the analytical formula (23), the system always satisfies the reachable condition. Although the system may be temporarily away from the sliding mode surface, it will quickly reach the sliding mode surface under the control of the switching, thus ensuring the robust stability of the system. 
In this case, due to
is temporarily unsatisfiable. At the beginning, the system moves away from the direction of the sliding surface, but at the same time, the value of the adaptive switching gain η d rapidly increases under the designed control strategy. In addition, the uncertain disturbance is bounded, so after a period of time, returns to the sliding surface. It guarantees the robustness of the system. Therefore, under the above-mentioned adaptive switching control, the system will eventually make a approaching motion across the sliding surface near the sliding surface, and it will reach a stable point within a limited time. Although there may be a large amplitude of the system crossing the sliding mode surface for the first time, as the number of crossings increases, the amplitude will gradually decay according to
with time, and finally stabilized on the sliding surface.
Similarly, the q-axis magnetic linkage control law of the doubly-fed wind power generator is the following equation, 
According to the control rate of the above design, the block diagram of the rotor flux linkage terminal sliding mode control of the doubly-fed induction wind turbine connected to the grid is shown in Fig. 3 . The function of the enable control link in the figure is that the additional control generated by the flux-chain sliding mode controller works only when the grid fails and causes the DFIG rotor magnetic linkage to change dramatically. The additional control does not work when the system is in normal operation. The function equation used in the enable control section is as follows as,
It can be seen from Fig. 3 that according to the given values of active and reactive power and equation (7), the rotor flux component command values * qr and * dr are calculated, and the flux linkage feedback values qr and dr are calculated through the real-time calculation of the flux linkage. The rotor flux linkage sliding mode controller outputs additional control signals u * dr and u * qr of the frequency converter. When the grid is disturbed due to a fault, the flux linkage additional control signal works because the flux-sliding mode controller of DFIG is robust to external disturbances, thereby causing the terminal voltage drop and rotor overcurrent are greatly weakened. 
IV. SYSTEM OFFLINE SIMULATION AND ANALYSIS
In order to verify the effectiveness of the DFIG additional rotor flux linkage adaptive terminal sliding mode control strategy proposed in this paper, the simulation diagram of DFIG power flux linkage double closed loop control system established by Power System Toolbox of simulation software Matlab / Simulink is shown in Fig. 5 . Figure 4 is its structure diagram. It should be noted that the converter in the simulation model of this chapter still uses the average voltage model. The simulation system consists of 5 doubly-fed generators and a synchronous generator model.
The main parameters are as follows: Doubly-fed wind turbine parameters: rated power is P N = 2MW, rated voltage is U N = 690V, Rated frequency is f N = 50Hz, Synchronous speed is n N = 1800r/min, Stator resistance is R S = 0.008 , Rotor resistance is R r = 0.0019 (Stator measurement), Stator inductance is L s = 0.002H,L r = 0.0047H(Stator measurement),Mutual sense is L m = 0.00547H(Stator measurement), R = 2.5k .
Synchronous motor equivalent parameters: rated power is P N = 15MW, Rated voltage is U N = 690V, Rated frequency is f N = 50Hz,Synchronous speed is n N = 1800r/min, Stator resistance is R S = 0.00076 ,Rotor resistance is R r = 0.000173 (Stator measurement), Stator inductance is L s = 0.012H, L r = 0.0047H(Stator measurement), Mutual sense is L m = 0.00375H(stator calculation value), R = 2.5k .
Network parameters:X T1 =X T2 = j52. 6 , Z 1 = Z 2 = (15+j112.7).
Main sliding surface parameters: k pq = k pd = 3.5,
The simulation environment is set to: In order to trigger the system voltage spike, the capacitor is connected to the common bus in the wind farm during the simulation. Assuming that the capacitor is turned off when t = 0.6s, the capacitor returns to normal operation when t = 1.1s, observe simulation results under conventional PI control and the improved control strategy. The simulation results are shown in the figure 6 and 7.
It can be seen from Fig. 6(a) that, after the conventional PI control strategy, the common bus voltage suddenly increases to 1.32 pu when the high voltage fault occurs. After the fault disappears, the bus voltage returns to normal. With the improved control strategy of this paper, the common bus voltage only jumps to 1.2 pu when the high voltage fault is triggered. After the fault disappears, the bus voltage returns to normal, as shown in Figure 7 (a). It can be seen that the improved control strategy of this paper can effectively reduce the common bus voltage surge of about 0.12 pu by comparing the experimental data. It achieves better control results. Figure 6 (b) shows the curve of the DFIG rotor current after a high voltage fault is triggered under the conventional control strategy. Since the system is operating at the maximum wind energy tracking state, the rotor current hardly changes much. After adopting the improved control strategy of this paper, the DFIG rotor current curve is shown in Figure 7(b) . After the fault occurs, the DFIG rotor current rapidly increases to 1.25 times, which makes the DFIG quickly emit reactive power and effectively suppresses the sudden rise in the common bus voltage. Figure 6 (c) shows the curve of DFIG reactive power during system failure under traditional PI control strategy. Because the system is still in the state of maximum wind energy tracking, the reactive power output from DFIG oscillates irregularly around the given value '0'. After the high voltage fault disappears, the reactive power output from DFIG tends to the given value '0'. As shown in Figure (7) , the improved control strategy of this paper is adopted. When the system triggers a high voltage fault, the DFIG rotor current increases rapidly, which causes the DFIG to quickly emit reactive power. It effectively suppressing the sudden rise of the system voltage.
V. SYSTEM REAL-TIME SIMULATION EXPERIMENT VERIFICATION AND ANALYSIS
In order to verify the feasibility of the model engineering application, the single-machine DFIG control model was extended to the wind farm cluster control model, and the RTDS-based 'magnetic flux chain additional control' realtime simulation system was developed. The system experimental schematic diagram is shown in Figure 8 . The main experimental parameters are the same as the off-line simulation experimental parameters.
During the experiment, the RTDS completes the real-time data acquisition of the wind farm and the system bus voltage, and transmits the data to the upper computer. After the DSP processes the data according to the set control algorithm, the control command is issued. The control signal passes through the optical fiber and the photoelectric conversion module. The specific control commands are assigned to the back-to-back converters of each DFIG in the wind farm, and finally a typical wind farm grid-connected feedback control system is formed, thereby realizing the real-time control of the wind farm grid-connected operation. In the simulation, in order to achieve a sudden rise in the common bus voltage, the capacitor is connected at the common bus of the wind farm. When t=0.6s, the capacitor is turned off. When t=1.3s, the capacitor returns to normal operation. Observe simulation results under conventional PI control and the improved control strategy.
In the real-time simulation experiment, the grid voltage surge at the common busbar occurred at about t=0.6 s. Figure 9 and Figure 10 show the common bus voltage dynamic response curves when using the conventional PI control strategy and the joint additional control strategy. It can be seen from figure 9 that when the conventional PI control strategy is adopted, the common bus voltage burst is 0.47 pu during the system failure. After the fault disappears, the bus voltage returns to normal. As shown in Figure 10 , the joint additional control strategy is adopted. When the high voltage fault is triggered, the common bus voltage burst is 0.25 pu. After the fault disappears, the bus voltage returns to normal. Figure 11 and Figure 12 show the dynamic response curves of the rotor excitation current when the conventional PI control strategy and the joint additional control strategy are used. It can be seen from the figure that under the conventional control strategy, the DFIG rotor current hardly changes greatly after the high voltage fault is triggered. After adopting the joint additional control strategy, the DFIG rotor current rapidly increases to 1.5 times during the fault occurrence, which makes the DFIG quickly emit reactive power. It effectively suppresses the sudden rise of the common bus voltage. The experimental analysis results are highly consistent with the dynamic response curve of the rotor excitation current during off-line simulation. Figure 13 and Figure 14 show the DFIG reactive power dynamic response curves when using the conventional PI control strategy and the joint additional control strategy. It can be seen from the figure that with the conventional PI control strategy, the reactive power of the doubly-fed fan output violently oscillates during the fault. After the fault is eliminated, its reactive power tends to be stable. With the joint additional control strategy, the doubly-fed fan quickly outputs reactive power −2.41 pu during the fault, and suppresses the high voltage. The experimental analysis results are consistent with the dynamic response curve of the fan reactive power during off-line simulation. control adjusts its reactive output so that the active output tends to be stable faster. Comparing the results of the above two cases, it can be seen that when the stator has a improved control strategy, the instantaneous current increases, but it is not directly connected with the power electronic device, and the instantaneous current increase is still within the safe range. There is no negative impact on fans and systems.
VI. ANALYSIS AND DISCUSSION OF SIMULATION RESULTS
This paper proposes a DFIG grid-connected rotor flux linkage control model based on structural decentralization theory. The system offline simulation experiment and system realtime simulation experiment were designed and analyzed, and the results were compared with the conventional PI control strategy.
First, an off-line simulation of the system's improved control strategy and conventional PI control strategy was performed. In the simulation process, when the simulation time t=0.6s, disconnect the capacitor; when the simulation time t=1.1s, the capacitor is restored to normal operation. The simulation results are shown in Fig. 6 and 7 . The results show that under the conventional PI control strategy, when a high voltage fault occurs, the common bus voltage suddenly increases to 1.32 pu, the rotor current is almost constant, and the output reactive power of DFIG occurs randomly around the given value. After the fault is completed, the bus voltage is restored to normal, the rotor current is unchanged, and the output reactive power of DFIG does not change much. Under the improved control strategy, when a high voltage fault occurs, the common bus voltage suddenly increases to 1.2 pu, the rotor current increases to 1.25 times, and the output reactive power of the DFIG increases rapidly. By contrast, the improved control strategy can effectively suppress the sudden rise of the system voltage.
Secondly, real-time simulation of the system's improved control strategy and conventional PI control strategy was carried out. The simulation results are shown in Fig. 9-14 . The results show that under the conventional PI control strategy, when a high voltage fault occurs, the common bus voltage suddenly increases to 0.47 pu, the rotor current is almost constant, and the output reactive power of the DFIG is maintained near the given value. Under the improved control strategy, when a high voltage fault occurs, the common bus voltage suddenly increases to 0.25 pu, the rotor current increases to 1.5 times, and the output reactive power of the DFIG rapidly increases to −2.41 pu.
The real-time simulation results are consistent with the dynamic response of the offline simulation results. During grid high voltage faults, improved control strategy allows the system to quickly generate reactive power, which can effectively suppress high voltage faults and enhance system high voltage ride through capability. By comparing the speed change curves, it can be seen that the improved control strategy has significantly improved the stability of the system.
VII. CONCLUSION
This paper mainly takes the grid-connected doubly-fed wind farm as the research object. It proposes an additional sliding mode control strategy for the rotor flux adaptive terminal of doubly-fed wind farm aiming at improving the high voltage traversal performance of the 'wind-fire' hybrid transmission system. Compared with the traditional PI control method, when using an improved control strategy, the sudden increase in the common bus voltage in the offline simulation is reduced by 0.12 pu, and it is reduced by 0.22 pu under real-time simulation. And under this control strategy, the stator current of the off-line simulation is rapidly increased to 1.25 times, and the stator current is rapidly increased to 1.5 times during the real-time simulation. Therefore, the control strategy in this paper improves the support capacity of the common bus voltage. The dual-feed wind farm rotor flux adaptive terminal sliding mode additional control strategy can quickly send the reactive power during the high voltage fault of the power grid, delaying or even preventing the occurrence of overvoltage phenomenon has important theoretical reference significance for improving the power quality of the wind power generation system. 
